ABSTRACT In vehicular ad hoc networks (VANETs), the vehicles will periodically exchange information via broadcasting security-related message, such as the states of vehicles and roads, in which the performance may become worse when the vehicle density increases. To improve the poor performance of network when vehicular density is high, an adaptive back-off scheme based on improved Markov model is proposed in this paper. First, an improved Markov model with a contention window (CW ) inheritance mechanism is applied to reduce the network load. The vehicle with the improved model will take beacon expiration into account and actively discard expired beacons to relieve the pressure on the channel. Then, an initial CW selection mechanism is designed to improve the efficiency of accessing the channel through providing the optimal initial CW for the vehicles with different densities. Finally, we define a network busy factor to describe the condition of broadcast channel and propose an adaptive back-off algorithm which can dynamically adjust the CW according to the network busy factor. Simulation results show that the new scheme can significantly improve the performance of broadcast.
I. INTRODUCTION
The VANTEs is a special class of mobile Ad hoc network, providing communications among vehicles. It is mainly designed to improve transportation safety and alleviate traffic pressure through traffic information exchange. The traffic information exchange is the major reason for implementing vehicle communication, which can make the vehicle obtain the condition of surrounding nodes through beacon messages containing position, speed, direction of movement, etc. In addition, the vehicle will broadcast warning to surrounding nodes when an emergency such as collision or brake occurs, and other vehicles can timely adjust the driving strategy according to this message. In America, the U.S. Federal Communications Commission allocate 75MHz of spectrum in the 5.9 GHz band for Dedicated Short-Range Communications (DSRC) [1] . The DSRC spectrum is divided into seven sub-channels in IEEE 802.11p [2] . Channel 178 is the control channel (CCH) which is limited to broadcast the safety messages only [3] , and the remaining channels are the service channels (SCH) which can transmit non-safety messages. The safety messages have a high requirement for timeliness. If the vehicle receives the messages after a long time, the function of the safety messages will be greatly reduced. Compared with safety messages, non-safety messages have less stringent requirements for delay, but require a certain amount of throughput and other QOS guarantees. Therefore, the different information transmission methods need providing for different types of messages, which is of great significance for improving network performance.
In VANETs, the vehicle density will change in real time as the geographical location (rural, suburban or urban) changes. This makes the vehicle face a great challenge when accessing channel media. Although IEEE 802.11p employs Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) to improve access performance, there are still problems of high collision probability and delay when the vehicle density is large, especially for broadcasting [4] . Broadcasting is extremely important in disseminating security-related messages, such as collision alerting, brake warning and beacon messages. In order to ensure timely detection of potential dangers, each vehicle is required to successfully broadcast beacon messages at least once every 100 ms [5] . But the broadcast model is different from the unicast model, it is impossible for vehicles to reply acknowledgement (ACK) to source vehicle after receiving a beacon message, as it will lead a broadcast storms [6] . The source vehicle cannot dynamically formulate back-off policy. This will cause the increase of packet collisions and delay.
Therefore, how to design a more effective method to improve the timeliness and reliability of vehicle network, especially in the case of broadcasting safety related information, is still a research focus. The contributions of this article are as follows:
• An CW inheritance mechanism is proposed. The CW inheritance mechanism is designed to improve the Markov model which can serve as the basis of theoretical analysis. In the improved model, the vehicle will check whether the beacons have expired, and actively discard expired beacons to reduce the network load.
• An initial CW selection mechanism is designed. This mechanism will take collision probability and packet delay into account to deduce the optimal initial CW of different vehicle densities. The vehicles can quickly select the optimal initial CW according to its density.
• An adaptive back-off algorithm based on network busy factor is proposed. The vehicle can detect the channel state and adjust CW through the network busy factor which is defined to reflect the condition of broadcast channel.
The structure of this paper is as follows: In second section, some existing schemes will be elaborated. The third section will establish an improved Markov model, and make a theoretical analysis of the probability of beacon message transmission through the Markov chain model. The fourth section designs a new back-off algorithm. The fifth section analyzes the simulation results. The sixth section concludes the research.
II. RELATED WORK
The distributed coordination function (DCF) in IEEE 802.11 plays an important role in media access by adopting a binary exponential back-off (BEB) algorithm based on CSMA/CA to control access to the channel. In [7] , Bianchi first proposed using a two-dimensional Markov chain model to simulate and analyze the 802.11 DCF mechanism, which laid the theoretical foundation for the future research and became the source of optimization of many analytical models. Based on this, the author in [8] improve Bianchi's model and add an idle state to solve the situation that the node is always in saturation to analyze the performance of the 802.11 protocol in the non-saturated state. In [9] the author considers the limitation of retransmission times in the IEEE 802.11 protocol and focus on analyzing the packet transmission delay for a limited number of retransmissions. However, the literatures [7] - [9] only consider the unicast transmission in which the RTS/CTS protocol is used to reduce hidden terminal problems. The VANTES broadcast model does not emply the RTS/CTS protocol, there may be many hidden nodes in a real network environment. This will lead to a dramatic increase in the number of potential vehicles competing for channels, and the CHH will reach saturation due to too many broadcast messages [10] . New method needs to be developed to adapt to the broadcasting mechanism of VANETs.
Some protocols based on TDMA are made to improve the performance of VANETs. Omar et al. [11] design a VeMAC, which applys a multi-channel TDMA protocol to eliminate the influence of the hidden terminal through the reservation on the control channel, and divides the time slots according to the direction of vehicle motion to reduce the collision. In contrast, the STDMA protocol [12] does not use a control channel.The vehicle with STDMA can select an idle time slot to access channel through monitoring the channel for one period before accessing network. Jiang and Du [13] present a TDMA protocol called prediction-based TDMA MAC (PTMAC) for two-way traffic and four-way traffic. This protocol can remove encounter collisions in advance by predicting potential collision.Although the protocol with TDMA can reduce collisions, it is necessary for these protocol to synchronize time and regularly update allocation information to maintain the schedule. This will lead to a great many extra overhead.
Various schemes are proposed to improve the performance of VANETs through adjusting CW . In [14] , the author tests network performance by setting different CW and the simulation shows that the beacon message performance is significant when the initial CW value is fixed at 15 in all simulation scenarios. However, many literatures mention that the fixed CW stipulated in 802.11p standard is far from optimal and needs to dynamically adjust the CW value according to the network conditions [15] , [16] . Therefore, many methods for dynamically adjusting the CW based on network status are proposed. In [17] , Rawat et al. present a scheme for dynamic adaptation of transmission power and CW . In the scheme, transmission power and CW size will be changed according to the estimated local vehicle density and the instantaneous collision rate. Lu et al. [18] propose a classification strategy and prediction scheme which adjust the CW by predicting the vehicular states. Cao et al. [19] propose a novel OFDM-based group contention MAC (OGCMAC) in which a new CCH architecture is proposed to reduce the resource consumption of CW .
The theoretical analysis of data exchange mechanism in VANETs MAC layer is very important for solving the actual problem of the network. Since the broadcast model does not require acknowledgement and retransmission after a failure, some scholars modify the two-dimensional Markov chain to a one-dimensional Markov chain for analyzing 802.11p. Based on this, the article [20] proposes a situation called beacon expiration in which the beacon transmission will be cancelled if the MAC layer cannot send this beacon message before the next one enters the MAC queue and sets an algorithm to adjust CW according to the amount of expired messages. But this algorithm starts with a large initial CW value that will result in longer end-to-end delays. In [21] , The author propose an algorithm called CEB, which considers both collision probability and expiration probability. The delay is lower than in [20] , but this method does not set different initial CW for scenes with different traffic density, making it difficult to quickly find an optimal CW after nodes switch scenes. The author of [22] propose a scheme called DCW that selects the CW that minimizes the average update delay of message as the best CW . This method enables the node to quickly choose suitable CW under different traffic density. But it does not consider beacon expiration which reduces the timeliness and reliability of the beacon.
To overcome the problems of high collision probability and delay when the vehicle density is high, we will propose an improved Markov model with a CW inheritance mechanism which can actively discard expired beacons to relieve the pressure on the channel. In addition, an adaptive back-off algorithm will be designed to adjust CW according to the condition of broadcast channel.
III. SYSTEM MODEL A. AN IMPROVED MARKOV MODEL
The vehicles in VANETs will periodly broadcast securityrelated message to improve transportation safety. However, as the vehicle density increases, the broadcast channel will face tremendous pressure.The buffer of the vehicle will accumulate a large amount of messages waiting to be sent under high density. The latest messages can only be transmited after all the messages in the buffer have been sent. As a result, the latest messages cannot be disseminated in time, which decreases the network timeliness and reliability. So we propose a CW inheritance mechanism to solve this problem.
In CW inheritance mechanism, we consider the situation of message expiration. If the backoff-timer of old message cannot reach zero before new message enters the buffer, the old message will recognized as expired. The new message will replace the old message and use the remaining CW of it. It is illustrated in FIGURE.1.
Since the broadcast model does not require acknowledgement and retransmission after a failure, we can build a new one-dimensional Markov chain for analyzing the performance of network, which taking the CW inheritance mechanism into account to relieve channel congestion. It is shown in FIGURE 2. In FIGURE 2, the p b represent the probability of the channel being busy, and the 1-p b represent the probability of the channel being idle. We define these numbers as the values of CW, which can be randomly selected within the range of 0 to W-1, and the state E stand for the situation that the buffer of node is empty. In addition, the CW inheritance mechanism is added to the model. The buffer with the mechanism will not accumulate the waiting message and it will enter the empty state after sending a message. So the probability from state 0 to E is always 1. Then the one-step transition probabilities are as follows
Let b(t) be the stochastic processes representing the back-off timer, and
can stand for the probability of the values of CW being k. The following formula can be derived from (1)
Based on (3) and the following formula
We have the b 0 that represents the probability of a beacon message being transmitted
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So the probability τ that a node broadcast a beacon message in a randomly chosen slot is equal to b 0
B. THE COLLISION PROBABILITY OF BEACON MESSAGE
Assuming that there are n nodes sharing the same channel, three things may happen during a time slot:
(1) No node tries to occupy the channel, the probability of the channel being idle is
(2) At least one node tries to occupy the channel, the probability of the channel being busy is
Only one node occupies the channel, the probability that a message is successfully transmitted is
The collision will occur when more than two nodes try to occupy the channel, so the collision probability of beacon message is
In the VANTES, if the beacon message encounters a collision, the vehicle will not retransmit the message, and the neighbor nodes can only obtain this vehicle's beacon message until its next periodic message are successfully transmitted. So a new indicator called the message update delay [22] is defined to assess the combined impact of collision probability and packet delay on broadcasting, and the CW that minimizing the average message update delay is considered the optimal CW . In the buffer of a vehicle, the waiting time T wait stands for the time that the messages wait to be served. The service time T service indicates the time that the messages have completed the back-off process and been sent to the channel. The sum of T wait and T service is called the sojourn time T so . Let T be the broadcast period of the beacon message, and T (i) update be the message update delay for the node to successfully broadcast beacon message the ith time. If the ith broadcasted message of the node does not encounter a collision, T (i) update will be equal to the sojourn time of the ith broadcasted message T (i) so . In contrast, if there is a collision on the channel, the neighbor node will not receive the ith broadcasted message, and can only update the information until the next message is successfully transmitted. So the T (i) so
so . Then we have
with collision (11) Assuming T update is the average message update delay, and the formula of it can be derived from (11)
In previous part, the Markov model has been improved by adding a CW inheritance mechanism, in which the new message will replace the old message and use the remaining CW of the old one if the MAC layer cannot send the old message before new packet enters the buffer. The newly generated message can be immediately served without waiting for the buffer to complete the transmission of the previous packet. So the waiting time T wait in the sojourn time T so is zero. The E(T so ) can be defined as
Where the T backoff stands for the time of the back-off process. Let σ be the slot time. Then the E(T backoff ) can be expressed as
The T transimit is the time required for the buffer to transmit a packet to the channel. Let L h be the length of the packet header and L p be the length of the packet, and we assume r is the data rate of the channel. Then T transimit can be illustrated as
From (6) (10) (12) (13) (14) (15) we can get average update delay in different vehicle density. FIGURE 3 shows part of it.
We can see from FIGURE 3, at the same vehicle density, the selection of different CW will generate a variety of average update delay. The CW that minimizing the average update delay is regard as the best initial CW , and the best initial CW in different density are listed in TABLE 1. 
IV. ADAPTIVE TURNING SCHEME
In the previous section we optimize the existing plan and provide the best initial value of CW for scenarios with different traffic density. In this section we will propose a back-off algorithm that allows the node to adjust the value of CW based on traffic conditions after selecting the initial window value. 
A. THROUGHOUT
Assuming S is network throughput, the expression of network throughput can be obtained:
Where T s indicates the time occupying the channel when beacon message is successfully transmitted, T c indicates the time occupying the channel when beacon message encounters collision. In VANETS broadcast mechanism, the node does not know if the beacon is transmitted correctly due to the lack of ACK, the state that a beacon message is transmitted successfully or encounters a collision is regarded as the channel being busy. So T s and T c are equal, and we can get
Let τ max denotes the transmission probability that maximizes the throughput. From [7] the probability τ max is given by:
B. AN ADAPTIVE BACK-OFF ALGORITHM BASED ON NETWORK BUSY FACTOR
The adaptive algorithm need to dynamically formulate back-off policy according to network condition. Therefore, it is essential for the algorithm to accurately achieve network communication state. In this part, we propose an adaptive back-off algorithm based on network busy factor (NBFB). The network busy factor α is defined to reflect the situation of network. The vehicle can determine whether to adjust the CW through the network busy factor α which indicates the competition level of network. The α is written as:
Based on (7) (8) (10) (17), we can get
Taking Taylor formula into account:
From (19) and (20) we can derive:
Then replacing τ with τ max , and the σ that maximizes the throughput can be derived
According to the formula, the optimal factor α o is related to the number of nodes in the vehicle communication range. Assuming R is the communication range of vehicles in VANETS, and the density of vehicles is β veh/km. So the number of nodes n in the vehicle communication range can be estimated by 2βR, the (22) can be expressed
Based on α o , we designed an adaptively back-off algorithm. First let count max be the threshold of the algorithm and c be the change factor for CW which is a reasonable value achieved through a set of simulations. Then each node calculates its α current when broadcasting the packet and compares it with α o , if α current is greater than α o , count is incremented by one, otherwise count is decreased by one. When count is higher than count max the channel is busy and the node needs to increase the CW . When count is less than 0, the channel is in an idle state, and the node need restores the CW to the initial state. The pseudo code is as follows:
V. PERFORMANCE EVALUATION A. THEORETICAL SIMULATION
In order to test the performance of the algorithm, we carry out simulation experiment with SUMO and NS3.26 in this paper. SUMO is a modeling software for mobile trajectories that can conveniently customize the movement model of vehicles. NS3 is a discrete event simulation software mainly used for network protocols. We establish a four-lane highway mobile model with vehicles randomly distributed. The simulation time is 200 s. The vehicle density is variable, ranging from 10 to 100 veh/km, and the communication range of the vehicle is set to 250 meters. In addition, we set the size of all the beacon messages to 500 byte. The all simulation parameters are shown in Table 2 . FIGURE 4 and FIGURE 5 illustrate the reception rates change over the vehicle density. In FIGURE 4, the reception rates of five algorithms show a declining trend with the increase of vehicle density. The downward trend of the reception rate for BEB is the most obvious, and the reception rate of improved model remains relatively stable and decrease slightly with the increase of network load. When the vehicle density is 10 or 20 veh/km, the improved model does not have much advantage over the other algorithms. This is because these algorithms can all work well in an environment with low congestion level. However, with the increase of vehicle density, the reception rate with improved model is gradually better than other algorithms. This is due to the vehicle will actively discard expired packets in improved model. When the network load is large, this mechanism can eliminate the useless packets and reduce the level of network congestion. In improved model, the reception rate with NBFB is better than that without NBFB. This is because NBFB will increase the CW when the congestion level is high to alleviate the channel pressure. FIGURE 5 compares the fluctuation of reception rate with NBFB and without NBFB. In FIGURE 5, we can see the fluctuation of reception rate is very slight under 10 veh/km.With the increase of vehicle density, the reception rate of improved model without NBFB has significant fluctuation under 50 veh/km, and the fluctuation becomes more intense when the vehicle density reaches 100 veh/km.Conversely, the reception rate with NBFB is always approximately steady.This indicates that NBFB can make the reception rate more stable. FIGURE 6 and FIGURE 7 show the packet delay in different density. As we can see from FIGURE 6, The average packet delay (13) generally show an upward trend as the vehicle density increases. The average packet delay of improve model is lower than that of CEB, but higher than that of DCW and BEB. The reason for this result is the improved model takes the average update delay as the index for optimization, which combines impact of collision probability and packet delay on broadcasting. So the well performance of reception rates in FIGURE 4 comes from a cost of a slightly larger average packet delay in FIGURE 6. In improved model, the average packet delay with NBFB is higher than that without NBFB, this is because the increase in CW leads to the increase in back-off time. FIGURE 7 compares the jitter of improved model with NBFB and without NBFB. The jitter with NBFB and that witout NBFB are basically equal under low vehicl density. However, as the vehicle density becomes higher, the jitter without NBFB gradually become larger than that with NBFB. This shows that although NBFB makes the average packet delay larger, it also makes the packet delay relatively stable. FIGURE 8 and FIGURE 9 show the curves of the average update delay (12) and average throughput. The average update delay can well reflect real-time situation of beacon message. As shown in FIGURE 8, the average update delay in five algorithms all show an upward trend with the increase of vehicle density. At the vehicle density of 100, all average update delay have a large increase. The delay of BEB has been far higher than the broadcast period T 0.05s under 100veh/km, and the delay of DCW and CEB are also near to T . Only the delay of improved model still has a distance from T . It is because the improved model will actively discard old message when new message enters the buffer. This method reduces the waiting time of new message in the buffer and also reduces the update delay. In improved model, the update delay with NBFB is smaller than that without NBFB. This indicates that reception rate has more influence on update delay than packet delay. FIGURE 9 indicates the trend of average throughput with vehicle density. It is can be observed there is not much difference in throughput between the algorithms under low vehicle density. However, with the increase of vehicle density, throughput of the improved model performs best, DCW and CEB come second, and BEB come last. In improved model, the throughput with NBFB has an advantage over that without NBFB, this due to NBFB will adjust CW according to the busy factor that can maximize throughput. FIGURE 10 and FIGURE 11 illustrate the performance of NBFB under different count max and c. As shown in FIGURE 10, when the count max is fixed, the performance of reception rate becomes better as c increases, and this advantage will gradually disappear with the increase of density. It is beacuse the busy period of channel will increase with density. The vehicle with larger c can achieve the optimal CW before the vehicle with a smaller one in a short busy period of channel. But at high density, the vehicle with smaller c VOLUME 6, 2018 can also gradually obtain the optimal CW during a large busy period. So with the increase of busy period, the difference of reception rates will be diminished by degrees. When the c is fixed, the reception rate with less count max has a advantage at low density, and the reception rate with large count max performs better at high density. This is due to count max is the threshold for NBFB to start, NBFB with large count max can only work in a long busy period. FIGURE 11 shows the curves of the average packet delay with different count max and c. The change trend of packet delay is the same as that of reception rate. The packet delay will decrease as reception rate decrease, and reception rate will also increase as the packet delay increase. This indicates the improvement of packet delay(or reception rate) will come at the expense of the performance of reception rate (or packet delay).
FIGURE 12 and FIGURE 13 show the performance of the improved model with NBFB in different periods T . As we can see from FIGURE 12, The reception rates generally show a downward trend as the vehicle density increases. At low density, there is a small gap in the performance of recep- tion rates which have different periods T . This is because the pressure of channel which come from the number of beacons is not large when the vehicle density is low, most of beacons can be successfully sent in a short period T . However, the gap gradually grow with increasing density. At high density, the reception rate with a longer period has an obvious advantage over that with a short one. This due the long period T can reduce the number of beacons which increase with the density to relieve the pressure of network. This suggests that a higher reception rate can be obtained with a suitable extended period T when the vehicle density become large. The performance of packet delay in FIGURE 13 is similar to reception rate, the packet delay also performs better with the increase of period T . The results of FIGURE 12 and FIGURE 13 indicate that the performance of NBFB can be improved through increasing period T . But the improvement comes at a larger broadcast interval which will reduce the timeliness and reliability of beacons. So the appropriate period T needs to be chosen to ensure the operation of the vehicle network. FIGURE 14 and FIGURE 15 reflect the effect of speed on the performance of the improved model with NBFB. In FIGURE 14, the reception rates show a declining trend with the increase of vehicle speed. When the vehicle density is 10 veh/km, the reception rate does not change much with increasing speed. But when the vehicle density reaches 90 veh/km, the reception rate with a speed of 5 m/s is 6.3 percent higher than the reception rate with 30 m/s. This shows high speed will significantly reduce reception rate when the vehicle density is large. The performance of packet delay in FIGURE 15 is slightly different from reception rates. Although the packet delay at different densities will also raise as the speed increases, the magnitude of the delay increase is not huge. The packet delay with a speed of 30 m/s is only 0.0012s higher than the packet delay with 5 m/s when the vehicle density stays at 90 veh/km. So the results of FIGURE 14 and FIGURE 15 suggest that the effect of speed on reception rates is relatively great, but the effect on delay is small.
B. SCENE SIMULATION
In this section, we will evaluate the performance of the improved model with NBFB in different scenarios. As shown in FIGURE 16, we will measure the performance of NBFB in the four scenarios (a), (b), (c), and (d). In order to simulate the dynamic change of vehicle speed and density with scene change, we no longer fixed the speed and density, but set the dynamic change range for the speed and density. The speed range is 0 to 30m/s and the density ranges from 0 to 100 veh/km. In addition, we also set a traffic flow variable to simulate the change trend of speed and density with the traffic flow in the same scene. The traffic flow values are 10, 30, 60, 90 veh/min. FIGURE 17 and FIGURE 18 illustrate the curves of vehicle speed and density under different scenarios. As we can see from FIGURE 17, the vehicle speed is the highest in scene (a), slightly lower in scene (b) and (c), and the lowest in scene (d). This is because in scenes (b) and (c), the vehicle will reduce the speed to adapt to the inflow and outflow of the vehicle. In scene (d), the vehicle will stop waiting for traffic lights. In addition, the vehicle speed show a downward trend with the traffic, this indicate that in the same scenario, the increase in traffic will reduce the speed of the vehicle. FIGURE 18 reflects the impact of different scenarios on vehicle density. Combining FIGURE 17 and FIGURE 18, we found that in scenario (a), (b) and (d), when the traffic flow remains the same, the vehicle density of the scene with lower vehicle speed will be larger than that of the scene with higher vehicle speed. This is due to the speed reduction will increase the vehicle density. However, the speed and density in scene (c) are all lower than that in scene (a). This is because in scene (c), the vehicle will reduce the speed due to the diversion, and the density of the vehicle will be further reduced after diversion. So the results of FIGURE 17 and FIGURE 18 indicate that the vehicle speed is inversely proportional to the density in the case of no vehicle outflow. FIGURE 19 and FIGURE 20 show the performance of the improved model with NBFB in different scenarios. As we can see from FIGURE 19 and FIGURE 20, the delay and reception rate will deteriorate as the traffic increases. When the traffic flow is constant, the delays of scene (a) and scene (c) are relatively close, but the reception rate in scene (c) is significantly higher than that of scene (a). This is because their density is similar and the performance gap is mainly caused by speed. The results of FIGURE 14 and FIGURE 15 indicate that the effect of speed on reception rates is relatively great and the effect on delay is small. Therefore, the speed of scene (c) which is lower than that of scene (a) makes the reception rate of scene (c) significantly higher scene (a). Comparing scenes (a), (b) and (d), it can be found that (a) has the best delay and reception rate, followed by (b), and (d) is the worst. This indicates that in the case that both speed and density affect delay and reception rate, density affects them more than speed.
VI. CONCLUSION
In this paper, we propose an improved Markov model with a CW inheritance mechanism to improve the timeliness of VANETs by solving the problem that the latest messages cannot be disseminated in time. Since the main challenge of VANETs is to provide effective communications services in dense traffic, a initial CW selection mechanism is designed to provide the optimal initial CW for the vehicles with different densities. The vehicles with large density can achieve higher efficiency of accessing the channel through quickly selecting the optimal initial CW according to its density. In addition, an adaptive back-off algorithm based on network busy factor α is proposed. The algorithm lets the vehicle to further adjust CW after selecting the initial CW according to the network condition reflected by the network busy factor α. Simulation results show that the new scheme is better than the BEB, CEB and DCW algorithms in terms of reception rate, update delay and throughout. Although the average packet delay of new scheme is slightly larger than that of BEB and DCW, it still less than the broadcast period. Therefore, the proposed scheme can be applied to improve the broadcast performance of VANETs. In addition, due to the real time density of vehicles is needed to make the proposed scheme work, our next research direction is to make a prediction of the vehicle density according to the number of beacon messages received in the previous period, as well as the driving speed and direction of vehicles included in the beacon messages. We will work hard to solve this problem in future research. 
